Abstract: Quercus gilva Bume (QGB, family Fagaceae) is a tall evergreen oak species tree that grows in warm temperate regions in Korea, Japan, China and Taiwan. Quercus plants have long been the basis of traditional medicines. Their clinical benefits according to traditional medicine include relief of urolithiasis, tremors and inflammation. In the present study, the anti-urolithiasis activity including anti-inflammatory and anti-oxidative activities, of some phenolic compounds isolated from QGB were described. Seven compounds were isolated and identified as picraquassioside D (1), quercussioside (2), (+)-lyoniresinol-9 α-O-β-D-xylopyranoside (3), (+)-catechin (4), (−)-epicatechin (5), procyanidin B-3 (6), and procyanidin B-4 (7). Compounds 5-7 showed potent anti-oxidative and anti-inflammatory activities. These compounds were further tested for their inhibition of the gene expression of the inflammatory cytokines. The three compounds 5-7 showed dose-dependent inhibitory activities on gene expression of COX-2 and IL-1β. In vivo, urolithiasis was induced more effectively in an animal model of acute urolithiasis by the administration of QGB extract. These results indicate the potential of compounds from QGB in the treatment of urolithiasis.
Introduction
Urolithiasis affects over 10~12% of the population in developed countries [1] . The disease has a detrimental effect on the healthcare system in part because of a recurrence rate of up to 50%. The recurrence of urinary stones together with the repetitive treatment cycles may eventually result in functional deterioration [2] . Recurrence increases the risk of subsequence relapse and the interval between relapses often become shorter [3, 4] . Factors that contribute to relapse include young age of the first occurrence, family history and the presence of infection stones.
The treatment of urinary stones varies depending on the stone size and location. Stones that are too large to pass through the urinary tract must be broken into smaller pieces so that they can pass through [4] . The procedures used to this end include extracorporeal shock wave lithotripsy (ESWL), uretroscopy (URS), and percutaneous nephrolithotomy (PNL) [5] . However, the removal of stones by these procedures does not reduce the risk of reoccurrence of urinary stones. Moreover, ESWL may cause serious side effects including renal damage, hypertension and renal function impairment [6] .
While some medical treatments benefit the clearance of urinary stones, an ideal clinical drug treatment should prevent urinary stones from reoccurring [7] . No satisfactory drug is yet available.
With the aim of finding a truly beneficial drug for urolithiasis, the traditional use of plants to treat stone diseases may be instructive [8] .
Quercus Genus can be classified to four categories, including Fagaceae, Castanopis, Castanea and Quercus species. Among the four categories, Quercus specie have the greatest number of plants (32 species) . Quercus plants can also be divided to two types, which are deciduous and evergreen broad-leaved plants. The most common deciduous broad-leaved trees are Quercus mongolica, Q. serrata, Q. dentata, Q. acutissima, and Q. variabilis. The most common evergreen broad-leaved trees are Q. gilva, Q. acuta, Q. glauca, Q. Ilex, and Q. salicina [9, 10] . Quercus gilva Bume (QCB) of the family Fagaceae is a tall evergreen tree distributed in the lowland mountain regions of Jeju Island in Korea. QGB is an oak species found in warm temperate regions in Japan, China and Taiwan [11, 12] .
As well as being the basis of a traditional medicine, clinical effects ascribed to QGB include the relief of urolithiasis and tremor, cessation of bleeding, local anesthesia, fever control, and inhibition of inflammation, oxidation, and infections caused by Candida, bacteria, and fungi [13] [14] [15] [16] .
Several phytochemical and biological studies revealing anti-oxidation and anti-diabetic activities of QGB have been performed, with triterpene and phenolic compounds reported from the flowers and bark, respectively [17, 18] . However, anti-inflammatory activity, inhibition of cytokines and anti-urolithiasis activity of Quercus gilva (QG) have not yet been examined in detail. The present study assessed the potential benefit of QGB and phenolic compounds isolated from QGB against urolithiasis, including their anti-inflammatory and anti-oxidative activities.
Results and Discussion
Seven isolated compounds were identified as picraquassioside D (1, 8.0 mg) [18] , quercussioside (2, 295.2 mg) [19] , (+)-lyoniresinol 9 α-O-β-D-xylopyranoside (3, 746.2 mg) [20] , (+)-catechin (4, 1.62 g) [21] , (−)-epicatechin (5, 902.8 mg) [22] , procyanidin B-3 (6, 186.3 mg) [23] , and procyanidin B-4 (7, 1.04 g) [24] by comparing their spectral data with values reported in the literature (Figure 1 ). Quercus Genus can be classified to four categories, including Fagaceae, Castanopis, Castanea and Quercus species. Among the four categories, Quercus specie have the greatest number of plants (32 species) . Quercus plants can also be divided to two types, which are deciduous and evergreen broadleaved plants. The most common deciduous broad-leaved trees are Quercus mongolica, Q. serrata, Q. dentata, Q. acutissima, and Q. variabilis. The most common evergreen broad-leaved trees are Q. gilva, Q. acuta, Q. glauca, Q. Ilex, and Q. salicina [9, 10] . Quercus gilva Bume (QCB) of the family Fagaceae is a tall evergreen tree distributed in the lowland mountain regions of Jeju Island in Korea. QGB is an oak species found in warm temperate regions in Japan, China and Taiwan [11, 12] .
Seven isolated compounds were identified as picraquassioside D (1, 8.0 mg) [18] , quercussioside (2, 295.2 mg) [19] , (+)-lyoniresinol 9′α-O-β-D-xylopyranoside (3, 746.2 mg) [20] , (+)-catechin (4, 1.62 g) [21] , (−)-epicatechin (5, 902.8 mg) [22] , procyanidin B-3 (6, 186.3 mg) [23] , and procyanidin B-4 (7, 1.04 g) [24] by comparing their spectral data with values reported in the literature (Figure 1 ). Free radicals and other reactive oxygen species are generated by exogenous chemicals or endogenous metabolic processes in food systems or the human body. These radicals may cause oxidative damage resulting in cell death and tissue damage by oxidizing biomolecules [25] . Oxidative damage plays a significant pathological role in human disease. As examples, atherosclerosis, cancer, emphysema, cirrhosis, and arthritis have all been correlated with oxidative damage [25, 26] . Therefore, ingestion of anti-oxidative supplements or foods containing anti-oxidants can be an important way to reduce oxidative damage [27] . Recently, natural anti-oxidants including vitamins C and E, sesamol, and carnosic acid have been introduced in foods in response to consumer demand. Presently, the anti-oxidative Free radicals and other reactive oxygen species are generated by exogenous chemicals or endogenous metabolic processes in food systems or the human body. These radicals may cause oxidative damage resulting in cell death and tissue damage by oxidizing biomolecules [25] . Oxidative damage plays a significant pathological role in human disease. As examples, atherosclerosis, cancer, emphysema, cirrhosis, and arthritis have all been correlated with oxidative damage [25, 26] . Therefore, ingestion of anti-oxidative supplements or foods containing anti-oxidants can be an important way to reduce oxidative damage [27] . Recently, natural anti-oxidants including vitamins C and E, sesamol, and carnosic acid have been introduced in foods in response to consumer demand. Presently, the anti-oxidative activity of compounds from QGB was explored by assessing their DPPH radical and NBT superoxide scavenging activities. DPPH easily accepts hydrogen because of the presence of the nitrogen of hydrazyl moiety. This allows anti-oxidative activity to be measured based on the loss of the violet color of DPPH following the incorporation of the hydrogen [28] . NBT is able to easily accept superoxide because of its unstable anionic nature. Similar to DPPH, the anti-oxidative activity of NBT is indicated by the loss of the yellow color [29] .
DPPH radical scavenging activities were tested with the treatment of samples from various parts of QGB plants. Leaves (19.15 ± 0.22 µg/mL), branch (33.07 ± 0.34 µg/mL), bark (10.58 ± 0.85 µg/mL), and wood (16.14 ± 0.80 µg/mL) of 80% acetone QG, exhibited a similar degree of free radical scavenging activity compared with the positive control, L-ascorbic acid (6.04 ± 0.27 µg/mL), with the bark fraction displaying the most potent DPPH radical scavenging activity ( NBT/superoxide scavenging activities were tested with the material obtained from leaves, branch, bark, and wood. The activities of different parts of Quercus gilva were 7.50 ± 0.47, 20.07 ± 2.24, 4.43 ± 0.16, and 7.07 ± 0.98 µg/mL, respectively, compared to the activity of the allopurinol positive control (1.08 ± 0.22 µg/mL) ( Table 2 ). Scavenging activities of the isolated compounds were tested. Compounds 1-3 did not exhibit activity. The activities of compounds 4, 5, 6, and 7 were (15.44 ± 1.44, 11.01 ± 0.16, 7.21 ± 0.38 µM, and 7 8.67 ± 0.22 µM, respectively. Compounds 6 and 7 exhibited especially potent NBT/superoxide scavenging activities, with IC 50 values of 7.21 ± 0.38 µM and 8.67 ± 0.22 µM, respectively, compared with the allopurinol control (IC 50 = 5.43 ± 0.40 µM) ( Table 2) .
NO is generated in different cell types by at least three isoforms of NOS. Neuronal NOS (nNOS) and endothelial NOS (eNOS) are constitutively expressed and their enzymatic activity is Ca 2+ /calmodulin-dependent. The third enzyme is an inducible and Ca 2+ -independent isoform of NOS (iNOS) that is expressed in virtually all cell types after stimulation with LPS and/or with different cytokines, such as interferon-gamma (IFN-γ), interleukin-1-beta (IL-1β), or tumor necrosis factor-alpha (TNF-α). Massive amounts of NO produced by iNOS under pathological conditions (e.g., acute and chronic inflammation) are potentially harmful, especially when time-spatial regulation of iNOS expression becomes compromised. During inflammation associated with different pathogens, NO production increases significantly and may become cytotoxic [30] . In addition, the over-production of NO has also been also implicated in inflammatory skin disease [31, 32] . Moreover, the free radical nature of NO and its high reactivity with oxygen to produce peroxynitrite (ONOO-) makes NO a potent pro-oxidant molecule capable of inducing oxidative damage and potential harm towards cellular targets [33] . Thus, inhibition of NO production in response to inflammatory stimuli might be a useful therapeutic strategy in inflammatory diseases [34, 35] . To examine the effect of QGB on LPS-induced NO production in RAW 264.7 cells, cells were treated fractions from QGB and then untreated or exposed to LPS (1 µg/mL) for 20 h. Compounds 1, 2, and 4 did not inhibit NO production. However, potent inhibition of NO production was produced by compounds 3 (9.14 ± 0.45 µM), 5 (14.47 ± 5.29 µM), 6 (7.07 ± 0.40 µM), and 7 (1.44 ± 1.03 µM) compared with L-NMMA (IC 50 = 2.72 ± 0.80 µM). (Table 3 ). Urolithiasis has been linked to many functional genes, including urokinase, vitamin D receptor gene, and especially calcium-sensing receptor gene (CaSR) [36] [37] [38] . Proinflammatory cytokines, such as IL-1β, markedly increase CaSR mRNA levels through a response mediated by nuclear factor-kappa B (NF-κB) [39] . Moreover, iNOS and COX-2 are induced by IL-1β. Thus, inhibition of iNOS, COX-2, and IL-1β expression may be therapeutic for urolithiasis [40] [41] [42] . Compounds 5-7, which displayed potent anti-oxidative and anti-inflammatory activities, were selected to measure their inhibitory activities on gene expression of the related inflammatory cytokines iNOS, COX-2, and IL-1β. All three compound 5-7 showed dose-dependent inhibitory activities on gene expression of COX-2 and IL-1β. In our in vivo study results, urolithiasis was induced more effectively in 0.4% EG of the acute model than 0.2% EG in the acute and chronic models ( Table 4 ). The present study provides evidence that IP of EG + low drug (50 mg/kg) and EG + high drug (100 mg/kg) of the QGB extract containing a rich polyphenol content inhibits the development of urolithiasis in the animal. In addition, the stone values for upper pole, mid pole and lower pole of the kidney on each section are shown in Table 5 and Figure 3 . The results showed that QGB possessed a potent inhibitory activity in both the low drug group (2.33 mg) and high drug group (12.17 mg), compared with the negative control group (119.33 mg) ( Table 5 ). The representative stained microscopic images of kidney tissue ( Figure 3) showed similar results to Table 5 . (+)-Catechin and (−)-epicatechin are well known potent anti-oxidation and antiinflammation agents, and it was reported that they decreased calcium concentration significantly [43] . Moreover, red and white grape seed extract, where catechin, epicatechin and procyanidin dimers B1 to B4 are major phenolic components in the extract, were reported to show potent prevention of stone formation [44] . Therefore QGB, which contains abundant catechin and procyanidins may be effective to treat urolithiasis. In our in vivo study results, urolithiasis was induced more effectively in 0.4% EG of the acute model than 0.2% EG in the acute and chronic models ( Table 4 ). The present study provides evidence that IP of EG + low drug (50 mg/kg) and EG + high drug (100 mg/kg) of the QGB extract containing a rich polyphenol content inhibits the development of urolithiasis in the animal. In addition, the stone values for upper pole, mid pole and lower pole of the kidney on each section are shown in Table 5 and Figure 3 . The results showed that QGB possessed a potent inhibitory activity in both the low drug group (2.33 mg) and high drug group (12.17 mg), compared with the negative control group (119.33 mg) ( Table 5 ). The representative stained microscopic images of kidney tissue (Figure 3) showed similar results to Table 5 . (+)-Catechin and (−)-epicatechin are well known potent anti-oxidation and anti-inflammation agents, and it was reported that they decreased calcium concentration significantly [43] . Moreover, red and white grape seed extract, where catechin, epicatechin and procyanidin dimers B1 to B4 are major phenolic components in the extract, were reported to show potent prevention of stone formation [44] . Therefore QGB, which contains abundant catechin and procyanidins may be effective to treat urolithiasis. 
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Materials and Methods
Plant Material
QGB (7.0 kg) was collected from the Halla Arboretum, Jeju, Republic of South Korea, April 2009, and was certificated by arboretum chief Dr. Kim Chul Soo. It was labeled "QG2009-04" and preserved as a voucher specimen.
Instruments
The stationary phases for the column chromatographic isolation were Sephadex LH-20 (10-25 µm; GE Healthcare Bio-Science AB, Uppsala, Sweden), MCI-gel CHP 20P (75-150 m; Mitsubishi Chemical, Tokyo, Japan) and ODS-B gel (40-60 m; Daiso, Osaka, Japan). The ODS-B gel was used as the stationary phase for medium-pressure liquid chromatography (MPLC). A Waters 650E sample detector (Waters, Seoul, Korea), 110UV/VIS detector (Gilson, Middleton, WI, USA) and model TBP5002 pump (Tauto Biotech, Sanghai, China) were used. Thin layer chromatography (TLC) was carried out using a pre-coated silica gel 60 F254 plate (Merck, Darmstadt, Germany) with chloroform, methanol and water (70:30:4 by volume). Spots were detected under ultraviolet (UV) radiation (254 nm) and by spraying with FeCl 3 and 10% H 2 SO 4 or anisaldehyde-H 2 SO 4 followed by heating.
One-dimensional 1 H-(300 or 600 MHz) and 13 C-(75 or 150 MHz) nuclear magnetic resonance (NMR) experiments were recorded with Gemini 2000 and VNS devices (Varian, Palo Alto, CA, USA) at the Center for Research Facilities, Chung-Ang University. Low-resolution fast atom bombardment mass spectroscopy (LRFAB-MS) was done using a JMSAX505WA apparatus (JEOL, Tokyo, Japan) at the National Center for Inter-University Research Facilities, Seoul National University.
Extraction and Isolation of QGB Compounds
The QGB material (7.0 kg) was extracted for 72 h at room temperature with 80% aqueous acetone. After removing the acetone under vacuum, the aqueous solution was filtered through filter paper (Tokyo Roshi Kaisha Ltd., Tokyo, Japan), and re-filtered using the Celite 545. The filtrate was concentrated and applied to a Sephadex LH-20 column (10-25 µm), and eluted with water containing increasing proportions of methanol to afford five fractions (Figure 4 
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Extraction and Isolation of QGB Compounds
The QGB material (7.0 kg) was extracted for 72 h at room temperature with 80% aqueous acetone. After removing the acetone under vacuum, the aqueous solution was filtered through filter paper (Tokyo Roshi Kaisha Ltd., Tokyo, Japan), and re-filtered using the Celite 545. The filtrate was concentrated and applied to a Sephadex LH-20 column (10-25 μm), and eluted with water containing increasing proportions of methanol to afford five fractions (Figure 4 ): fraction 1 (9.8 g), fraction 2 (7. yielded procyanidin B-3 (6, 186.3 mg, Figure 4 ).
Measurement of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Activity
Anti-oxidant activity was determined on the basis of the scavenging activity of the stable DPPH free radical (Sigma-Aldrich, St. Louis, MO, USA) [29] . Twenty microliter aliquots in absolute ethanol were added to 180 µL of 0.1 mM DPPH in absolute ethanol. After mixing gently and standing for 30 min, the optical density was measured at 518 nm using an ELISA reader (TECAN, Salzburg, Austria). The free radical scavenging activity was calculated as inhibition rate (%) = [1 − (sample optical density [OD]/control OD)] × 100 and IC 50 values, defined as the concentration that could scavenge 50% DPPH free radical. L-ascorbic acid was used as positive control.
Measurement of Nitroblue Tetrazolium (NBT)/Superoxide Scavenging Activity
The NBT method was applied using a proper modification of a previously published method [29] . A reaction mixture with a final volume of 632 µL in an Eppendorf tube was prepared with 50 mM phosphate buffer (pH 7.5) containing EDTA (0.05 mM), hypoxanthine (0.2 mM), 63 µL NBT (1 mM; Sigma-Aldrich), 63 µL of aqueous or ethanolic extract (distilled water for the control), and 63 µL of xanthine oxidase (1.2 U/µL, Sigma-Aldrich). The xanthine oxidase was added last. For each sample, a blank was included. The subsequent rate of NBT reduction was determined on the basis of sequential spectrophotometric determinations of absorbance at 612 nm. The solutions were prepared daily and kept from light. The results are expressed as the percentage inhibition of the NBT reduction with respect to the reaction mixture without sample (buffer only). Superoxide anion scavenging activities were calculated as [1 − (sample OD − blank OD)/(control OD − blank OD)] × 100 and are expressed IC 50 values, which were defined as the concentrations at which 50% of NBT/superoxide anion were scavenged. Allopurinol (Sigma-Aldrich) was used as positive control.
Cell Culture
RAW 264.7 murine macrophage cell line was purchased from the Korean Cell Line Bank (Seoul, South Korea). The cells were grown in culture flasks containing Dulbecco's Modified Eagle's Medium (DMEM; Sigma-Aldrich) supplemented with 10% fetal bovine serum (FBS) and antibiotics (100 IU/mL penicillin G and 100 mg/mL streptomycin; Gibco BRL, Grand Island, NY, USA). Cell cultures were cultured at 37 • C in a humidified atmosphere of 5% CO 2 .
Nitric Oxide (NO) Production and NO Inhibitory Activity
Experimental NO method was done using a appropriate modification of published method [45] . NO is associated with many conditions, including inflammation. The production of NO was assayed by measuring nitrite in the RAW 264.7 macrophage culture supernatant. Cells were seeded at a density 3 × 10 6 cells/mL in wells of 96-well culture plates. After pre-incubation for 2~3 h, the cells were treated with compounds (1, 10, 50 and 100 µM) and then stimulated with lipopolysaccharide (LPS, 1 µg/mL) for 20 h. The LPS treated cells produced approximately 2.5-fold more NO than the control cells. The cell culture medium was harvested and used to determine NO level using the Griess reaction. For this, the supernatant was mixed with an equal volume of Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine dihydrochloride, and 2.5% phosphoric acid) and incubated at room temperature for 10 min. The concentration of nitrite was determined by measuring the absorbance at 540 nm using an ELISA reader (TECAN, Salzburg, Austria) and comparing the values to a standard curve generated using sodium nitrite (NaNO 2 ). NO production inhibitory activity was calculated as inhibition rate (%) = [1 − (sample OD − blank OD)/(control OD − blank OD)] × 100. The IC 50 value (concentration that inhibited 50% of NO production) was determined.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Total RNA was isolated from tissue using 1 mL of TRIzol reagent (Invitrogen, Carlsbad, CA, USA) that was added to cultured plate. Cells were homogenized and transferred to a centrifuge tube. After fter 5 min at room temperature, chloroform was added (0.2 mL/mL TRIzol reagent), the tube was shaken vigorously by hand for 15 s, and then incubated at 15 • C to 30 • C for 3 min. The homogenate was centrifuged at 12,000 rpm at 4 • C for 15 min. The upper aqueous phase was transferred to a fresh tube and an equal volume of 2-propanoCl was added. After incubation at 4 • C for 15 min, the sample was centrifuged as before. The supernatant was removed and the pellet was washed using 500 µL of 70% ethanol followed by centrifugation as before. The pellet of purified RNA was briefly dried then dissolved in diethyl pyrocarbonate-distilled water (DEPC-DW). Total cellular RNA was reverse transcribed at 42 • C for 30 min in a containing reverse transcriptase (TaKaRa, Shiga, Japan), 10× buffer, 10 mM dNTP (dNTP mix), oligo dT primer, RNase inhibitor, and 25 mM MgCl 2 . Two microliters of each cDNA sample from the RT-PCR was amplified by PCR in 25 µL containing 10× buffer 2.5 µL, 25 mM MgCl 2 2.5 µL, and 10 pmol 0.75 µL primer. PCR was done using 10× Buffer for Taq polymerase (100 mM Tris-Cl pH 8.5, 400 mM KCl), 1 mM each dNTP, 50 mM MgCl 2 , upstream primer (5 µM), downstream primer (5 µM), and DNA template (less than 200 ng) SyBr Green). Primers were chemically synthesized using a DNA synthesizer (Bioneer, Daejeon, South Korea). Amplification conditions were denaturation at 94 
Animal
Four-week-old male X-rats were individually housed in cages with alternating 12-h periods of light and dark, with free access drinking water and standard laboratory food for 2 weeks.
Induction of Urolithiasis
Experimental induction of urolithiasis was done using a modification of a previously published method by Itoh et al. Hyperoxaluria established using low or high concentrations of ethylene glycol (EG; Sigma-Aldrich) was used to induce urolithiasis. Thirty five 6-week-old male X-rats weighing 200-220 g were randomly divided into six groups containing six animals each: (1) acute control; (2) acute, 0.2% EG; (3) acute, 0.4% EG, (4) chronic control; (5) chronic, 0.2% EG; and (6) chronic, 0.4% EG.
Sterilized water containing the particular concentration of EG was given orally every day (Table 6A) . Rats were sacrificed by anesthesia using ether (Ducksan, Seoul, Korea) at 2 weeks and 4 weeks. 
Effect of QGB Extract on Urolithiasis
The QGB extract was used. Twenty four 6-week-old male X-rats (200-220 g) were randomly divided into four groups containing six animals each: (1) treatment with saline; (2) control (0.4% EG); (3) low-dose drug (50 mg/kg) + 0.4% EG; and (4) high-dose drug (100 mg/kg) + 0.4% EG. Saline, EG, and QGB extract treatment were administered by intraperitoneal (IP) injection (Table 6B ). Rats were anesthesized using ether and sacrificed 2 weeks later by inhalation of CO 2 , and removed the kidneys and weighed the stones in kidneys.
Statistical Analysis
All data are expressed as mean ± S.E.M. Values were analyzed by one-way analysis of variance (ANOVA) followed by Student-Newman-Keuls (S-N-K) test using the Statistical Package for the Social Sciences software package (SPSS Inc., Chicago, IL, USA). Significance was indicated by a p-value < 0.05 (in vitro) and 0.01 (in vivo). Values bearing different superscripts in the same column are significantly different.
Conclusions
Activity-guided isolation of 80% acetone extract from the barks of QGB yielded several polyphenols. Those compounds showed potent activities on anti-oxidation and anti-inflammation in vitro. In addition, the QGB extract containing polyphenols showed strong anti-urolithiasis effect in vivo. In conclusion, catechins, condensed tannins and QGB extract showed potent anti-oxidative, anti-inflammatory, and anti-urolithiasis activities. These results show that QGB may be developed as a strong anti-inflammatory and anti-urolithiasis agents.
